Seasonal affective disorder (SAD) is a recurrent depressive disorder with a seasonal pattern. In addition to some specific symptoms such as sad mood, low energy or carbohydrate craving, this mood disorder is also characterized by the presence of sleeping problems and alcohol disorders. Interestingly, there is a strong link between alcohol use and sleeping deficits. Although previous studies have focused extensively on the sleep patterns in SAD patients and patients with alcohol use disorder (AUD), no research has yet been conducted on subjects with comorbid SAD and AUD. The aim of this study was to examine the differences in sleep functioning between subjects with SAD, AUD and SAD+AUD. A total of 4554 Finnish subjects from the population-based Health 2011 survey were interviewed, and of these 2430 individuals completed all the questionnaires. We selected those participants who fulfilled the criteria for SAD (n = 298), AUD (n = 359), SAD+AUD (n = 69), controls 1 (no current alcohol use, n = 226) and controls 2 (current alcohol use but not AUD, n = 1445). Controls with a history of alcohol abuse were excluded (n = 33). All the participants completed the EuroQoL five-dimensions questionnaire (EQ-5), the Seasonal Pattern Assessment Questionnaire (SPAQ), the Alcohol Use Disorders Identification Test (AUDIT) and several questions about sleeping, based on the Basic Nordic Sleep Questionnaire (BNSQ). Our results showed that those subjects with SAD+AUD reported the highest levels of subjective sleeping problems compared to controls, SAD and AUD. These findings suggest the relevance of examining the comorbidity of SAD and AUD when studying sleep functioning in these groups of patients.
Seasonal affective disorder (SAD) is a recurrent depressive disorder with a seasonal pattern. In addition to some specific symptoms such as sad mood, low energy or carbohydrate craving, this mood disorder is also characterized by the presence of sleeping problems and alcohol disorders. Interestingly, there is a strong link between alcohol use and sleeping deficits. Although previous studies have focused extensively on the sleep patterns in SAD patients and patients with alcohol use disorder (AUD), no research has yet been conducted on subjects with comorbid SAD and AUD. The aim of this study was to examine the differences in sleep functioning between subjects with SAD, AUD and SAD+AUD. A total of 4554 Finnish subjects from the population-based Health 2011 survey were interviewed, and of these 2430 individuals completed all the questionnaires. We selected those participants who fulfilled the criteria for SAD (n = 298), AUD (n = 359), SAD+AUD (n = 69), controls 1 (no current alcohol use, n = 226) and controls 2 (current alcohol use but not AUD, n = 1445). Controls with a history of alcohol abuse were excluded (n = 33). All the participants completed the EuroQoL five-dimensions questionnaire (EQ-5), the Seasonal Pattern Assessment Questionnaire (SPAQ), the Alcohol Use Disorders Identification Test (AUDIT) and several questions about sleeping, based on the Basic Nordic Sleep Questionnaire (BNSQ). Our results showed that those subjects with SAD+AUD reported the highest levels of subjective sleeping problems compared to controls, SAD and AUD. These findings suggest the relevance of examining the comorbidity of SAD and AUD when studying sleep functioning in these groups of patients.
IN TROD UCTI ON
Seasonal affective disorder (SAD) is a specific mood disorder that is characterized by recurrent depressive episodes, typically with onset in late autumn and spontaneous remission in the spring. According to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), the criteria for SAD include having a major depressive episode that begins and ends during a particular period (season) every year, with full remission for the remaining period, for at least 2 years (APA, 2013) . These depressive episodes are accompanied mainly by increased daytime fatigue, overeating and hypersomnia (Rosenthal et al., 1984a,b) , as well as increased prevalence of high caloric intake, hypertension, obesity, diabetes, metabolic syndrome and low physical exercise (Rintam€ aki et al., 2008) . In addition, SAD patients may report sleeping too much and display little energy (Lee et al., 2011) . Impairment of sleep function (Tonetti et al., 2014) and the circadian system (Wirz-Justice, 2003) are characteristic symptoms of SAD. Excessive seasonality might be linked to disturbances of sleep regulation mechanisms, but studies are still diverging (Øyane et al., 2008) . Finally, and concerning the comorbidity of this disorder and other medical problems, recent findings from our group have revealed a strong relationship between the prevalence of SAD and alcohol disorders (Morales-Muñoz et al., 2017) . SAD may be related closely to alcoholism, and certain environmental and social factors may contribute to the development of seasonality in patients with alcoholism (Sher, 2004) .
The relationship between sleep disturbances and alcohol use has been reported extensively (Roehrs and Roth, 2001) .
Alcohol is considered to be a potent sedative and has a profound impact on sleep (Thakkar et al., 2015) . Initially, acute alcohol intake in non-alcoholic social drinkers reduces the time to fall asleep and consolidates and enhances the quality and the quantity of non-rapid eye movement sleep (Roehrs and Roth, 2012) ; therefore, some people may try to find the sleep-promoting benefits of alcohol. However, alcohol-induced sleep promotion is short-lived and sleep is disrupted severely during the second half of the night (Thakkar et al., 2015) . Regarding alcohol-dependent individuals, the prevalence of sleep problems is considerably higher, i.e. 72% (Foster et al., 1998) . The main complaints typically include difficulty falling asleep, frequent awakenings, daytime sleepiness and abnormal sleep quality, and they could also include hypersomnia (Angarita et al., 2016) .
Previous evidence suggests that sleep is dysregulated throughout all the stages of alcohol use disorder (AUD), including active heavy use, early abstinence and prolonged abstinence (Foster and Peters, 1999) .
Despite the extensive research on sleep disorders in both SAD and alcohol abuse separately, there are no studies on sleep difficulties in patients with both SAD and alcohol problems together. Therefore, we aimed to examine the differences in sleep functioning from a subjective perspective, comparing subjects with SAD, AUD and both SAD and AUD. To the best of our knowledge, this is the first study that attempted to characterize the sleeping functioning in individuals with comorbid SAD and AUD. Following earlier research on SAD and AUD and our recent results, pointing out greater cognitive impairments in subjects with SAD and alcohol SAD = seasonal affective disorder; AUD = alcohol use disorder; SD = standard deviation; Hel = Helsinki; Tamp = Tampere; BMI = body mass index; EQ-5D = EuroQol five dimensions questionnaire; SPAQ = Seasonal Pattern Assessment Questionnaire; GSS = Global Seasonality Score; AUDIT-C = Alcohol Use Disorders Identification Test, C version; Controls 1 = participants with GSS lower than 11 and AUDIT-C total score lower than 4 in males and lower than 3 in females, and who reported no current use of alcohol; and Controls 2 = individuals with GSS lower than 11 and AUDIT-C total score lower than 4 in males and lower than 3 in females, and who reported moderate current use of alcohol.
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METHODS

Participants
The Health 2011 Survey (https://www.thl.fi/fi/web/thlfi-en/ topics/information-packages/thl-biobank/researchers/samplecollections/health-2000-and-2011) was conducted by the National Institute for Health and Welfare (THL) in Finland from 2011 to 2012. This survey was a follow-up of the Health 2000 Survey conducted in 2000-01 (Lundqvist and M€ akiOpas, 2016) . The participation rate was 73.6% (n = 5903), and 4554 (56%) participants aged 18-97 years completed the diagnostic interview for mental disorders and were included in the analyses of the current study. However, only those individuals with the measures recorded within all the questionnaires for this study were selected (n = 2430). The inclusion criteria for the group of SAD were: (i) reporting a global seasonality score (GSS) on the Seasonal Pattern Assessment Questionnaire (SPAQ) equal to or higher than 11 (Magnusson, 1996) in both the Health 2000 Survey and Health 2011 Survey-the GSS has been shown to have acceptable reliability and validity in epidemiological studies (Thompson et al., 1988) ; and (ii) reporting a total score in the Alcohol Use Disorders Identification Test, version C (AUDIT-C) lower than 4 in males and lower than 3 in females (Bush et al., 1998 Alcohol, seasonality and sleep functioninginclusion criteria were as follows: (i) reporting a total score in the AUDIT-C equal to or higher than 4 in males, and equal to or higher than 3 in females; and (ii) reporting a GSS lower than 11. Finally, the group of both SAD and AUD (SAD+AUD) was composed of those individuals with (i) a GSS equal to or higher than 11; and (ii) a total score in the AUDIT-C equal to or higher than 4 in males, and equal to or higher than 3 in females. The final groups comprised 298 SAD, 359 AUD and 69 SAD+AUD participants. As healthy controls we selected two groups of controls, as follows: (i) control group 1 (n = 226), which was composed of those participants with GSS lower than 11 and AUDIT-C total score lower than 4 in males and lower than 3 in females, and who reported no current use of alcohol; and (ii) control group 2 (n = 1445), which included all those individuals with GSS lower than 11 and AUDIT-C total score lower than 4 in males and lower than 3 in females, and who reported moderate current use of alcohol. Finally, those healthy controls with a history of alcohol use were excluded (n = 33). The reasons for recruiting two groups of controls were: (i) to control the effects of current alcohol use on sleeping (control group 1) and (ii) to examine a more representative sample of the general healthy population in Finland (control group 2). Written informed consent was obtained from all participants and this study was approved by the ethical committee of the Helsinki and Uusimaa hospital district.
Measures and procedure
General measures
The EuroQoL five dimensions questionnaire (EQ-5D) is a standardized instrument for measuring generic health status (Rabin and de Charro, 2001 ). This questionnaire is made up of two components: health state description and evaluation. In the description section, health status is measured in terms of five dimensions: mobility, self-care, usual activities, pain/ discomfort and anxiety/depression. The subjects are asked to grade their own current level of function in each dimension into one of three degrees of disability (severe, moderate or none). In the evaluation section, respondents evaluate their perceptions of their own current overall health using the visual analogue scale, which can be used to monitor changes with time. For this study, we used only the data from the description section.
The SPAQ is a brief, self-administered screening tool for SAD (Magnusson, 1996; Rosenthal et al., 1984a,b) . The GSS, which is composed of six behaviour ratings, is used to determine the potential presence of SAD. A score of 11 or higher on this scale, along with an endorsement of at least moderate difficulties with seasonal change, indicates that further assessment should be conducted to confirm whether a diagnosis of SAD is warranted. The SPAQ is used widely in adult clinical and community samples as a screening tool for SAD. For this study, we used two sections in the SPAQ: (1) degree of seasonal variations in mood and behaviour ('change items'); and (2) whether (and if so, to what extent) these seasonal variations constitute a problem.
The AUDIT is a 10-item screening tool developed by the World Health Organization (WHO) to assess alcohol consumption, drinking behaviours and alcohol-related problems (Bohn et al., 1995) . We used the AUDIT-C, a modified version of the AUDIT, i.e. the three-item alcohol screen. This specific test can help to identify individuals who are hazardous drinkers or have active AUD. The three questions query amounts of alcohol consumed, and are scored in a scale of 0-12. The cut-points for AUDIT-C are ≥ 4 for males and ≥ 3 for females (Bush et al., 1998) .
Sleep functioning measures
Sleep functioning was explored by several questions in the Health 2011 Survey. All these questions were based on and slightly modified from the Basic Nordic Sleep Questionnaire (BNSQ) (Partinen and Gislason, 1995) . More specifically, the questions for this study were: (i) number of sleeping hours per 24 h; (ii) do you think that you get enough sleep? (1 = yes, nearly always; 2 = yes, often; 3 = seldom, or hardly ever); (iii) snoring (1 = once a month or less frequently; 2 = 1-2 nights per week; 3 = 3-5 nights per week: 4 = every night or almost every night); (iv) snoring quality (1 = snoring quietly and steadily; 2 = snoring evenly but quite loudly; 3 = snoring steadily but very loudly; 4 = snoring very loudly and irregularly); (v) interruptions in breathing while sleeping (1 = never or less than once a month; 2 = less than once a week; 3 = 1-2 nights per week; 4 = 3-5 nights per week; 5 = every night or almost every night); (vi) feeling more tired than others during the day (1 = yes, nearly always; 2 = yes, often; 3 = seldom or hardly ever); and (vii) having sleeping difficulties (1 = not at all; 2 = some; 3 = quite a lot; 4 = very much).
Statistical analysis
Statistical analyses were performed using SPSS Statistics version 22.0. In order to examine the differences in sociodemographic variables between individuals with SAD, with AUD, with SAD+AUD and controls, one-way analysis of variance (ANOVA) test with Bonferroni's post-hoc correction was conducted for continuous variables and the chi-square test for categorical variables. Pearson's and Spearman's correlation analyses for continuous and categorical variables, respectively, were conducted in order to determine the association between sleep functioning and some of the variables of this study. For the differences in sleep functioning between groups, general linear model (GML) univariate analysis with Bonferroni's post-hoc correction was used, with sleep items as dependent variables, group as factor and age, gender and body mass index (BMI) as covariates.
RESULTS
We observed differences in all the sample characteristics between the five groups, including sociodemographic and clinical variables examined, except for the area of residence (see Table 1 ). All correlations between sleep, sociodemographic and clinical variables are described in Table 2 . More specifically, significant correlations were found (i) between 'number of sleeping hours per 24 h' and age, gender, main occupation, current medical health and smoking currently; (ii) between 'enough sleeping' and age, EQ-5D, GSS, AUDIT, gender, area of residence, marital status and current medical status; (iii) between 'snoring' and age, number of cigarettes day À1 , BMI, EQ-5D, GSS, level of education, marital status, main occupation and current medical status; (iv) between 'snoring quality' and age, number of cigarettes day À1 , BMI, EQ-5D, GSS, AUDIT, gender, level of education, main occupation and current medical health; (v) between 'interruptions in breathing' and age, BMI, EQ-5D, GSS, AUDIT, gender, level of education, main occupation, current medical health and smoking currently; (vi) between 'feeling more tired than Alcohol, seasonality and sleep functioningothers' and BMI, EQ-5D, GSS, AUDIT, area of residence, main occupation and current medical health; and (vii) between 'sleeping difficulties' and age, BMI, EQ-5D, GSS, AUDIT, gender, level of education, area of residence, marital status, main occupation and current medical health. Significant differences between groups were observed for all the sleeping domains assessed, except for snoring and snoring quality (see Table 3 ). First, and regarding our main group (i.e. SAD+AUD) compared to both groups of controls, we observed that SAD+AUD reported (i) more problems with enough sleep than controls 1 (P < 0.001) and controls 2 (P < 0.001); (ii) higher prevalence of breathing interruptions than controls 2 (P = 0.002); (iii) they felt more tired than controls 1 (P = 0.003) and controls 2 (P < 0.001); and (iv) reported more frequent sleeping difficulties than both controls 1 (P < 0.001) and controls 2 (P < 0.001). Secondly, concerning SAD and AUD groups compared to controls, we obtained (i) more hours of sleep in controls 1 when compared to SAD (P = 0.003) and AUD (P = 0.013); (ii) higher prevalence of problems with enough sleep within SAD than controls 1 (P < 0.001) and controls 2 (P < 0.001); (iii) SAD individuals felt more tired than controls 1 (P = 0.016) and controls 2 (P < 0.001); and (iv) greater sleep difficulties were reported by SAD compared to controls 1 (P < 0.001) and controls 2 (P < 0.001) and by AUD compared to controls 1 (P = 0.011) and controls 2 (P < 0.001). Finally, and for the comparisons between the three case groups (i.e. SAD, AUD and SAD+AUD), we found that (i) SAD reported more problems with enough sleep than AUD (P < 0.001); (ii) SAD+AUD experienced more breathing interruptions during sleep than SAD (P = 0.015); (iii) SAD+AUD and SAD subjects felt more tired than AUD (P < 0.001 and P < 0.001, respectively); and (iv) both SAD+AUD and SAD groups reported more sleeping difficulties than AUD (P = 0.004 and P = 0.010, respectively). Mean differences between the five groups within sleeping functioning can be visualized in Fig. 1 .
DI SCUSSION
Our results showed that all sleeping problems, except for snoring, were more common in people with SAD+AUD than in the other groups. In addition, these notorious sleeping difficulties found in SAD+AUD were followed by the SAD group, whose levels of sleep deficits were found to be between SAD+AUD and AUD. AUD subjects reported fewer problems than SAD, despite this group still showing some deficits when compared to both groups of controls. Interestingly, although the AUD group showed fewer sleeping problems than SAD, it is important to highlight the large negative impact that was observed in sleeping functioning when both SAD and AUD conditions appeared together.
Previous research supports the fact that sleeping problems should be considered as one of the main symptoms of SAD (Sandman et al., 2016) . Thus, subjects with high seasonality report shorter sleep duration than those subjects with moderate or low seasonality (Øyane et al., 2008) . In addition, hypersomnia is a common problem in SAD (Allen et al., 1993; Tam et al., 1997) . These patients also show awakening difficulties (Avery et al., 2002) , and they are more likely to report elevated rates of unhelpful beliefs about sleep compared to those with no history of depression (Roecklein et al., 2013) . It is noteworthy that SAD subjects may share many of the sleep-related misperceptions that appear in people diagnosed with insomnia (Roecklein et al., 2013) . This previous evidence on sleeping difficulties in SAD is consistent with our current findings regarding the sleeping problems reported by these subjects when they were compared to other groups of AUD and no-SAD, or healthy controls. This way, our participants with SAD reported fewer hours of sleep per day, not enough sleep, being tired during the day and having sleeping difficulties.
Moderate-to-severe AUD has been associated with a range of sleep-related disturbances (Stein and Friedmann, 2005) . Self-reported sleep problems are highly prevalent among alcohol users with rates of clinical insomnia between 35 and 70% Caetano et al., 1998) , and these rates are substantially higher than those observed in the general population (Brower, 2001) . Alcohol severity predicts also greater impairment in global sleep quality, perceived sleep quality and daily disturbance scores, and these impairments are observed even within non-treatmentseeking samples of problem drinkers (Hartwell et al., 2015) . Furthermore, alcohol drinking has been associated with snoring and difficulty breathing during sleep (Huang et al., 2013; Issa and Sullivan, 1982) . Our findings in this study revealed some sleeping problems only in AUD subjects compared to controls. More specifically, our group of AUD participants reported having more sleeping difficulties than both groups of controls. Interestingly, the AUD group still showed these difficulties when compared to those controls with moderate alcohol abuse; therefore, as no differences in sleeping difficulties were found between the two groups of controls, our results could suggest that sleeping problems in the normal population are reported only when heavy use of alcohol appears, and not when this consumption is moderate.
Recent findings from our group reported the existence of a strong link between SAD and alcohol disorders in a populationbased study, and this association might exert a higher negative impact on some related symptoms, such as cognition (Morales-Muñoz et al., 2017) . Previous studies have demonstrated a biological link between seasonality or SAD and alcoholism (Avery et al., 1998) . Genes that have a regulatory role in the circadian pacemaker system have also been associated with the consumption, sensitivity and abuse of alcohol (Kovanen et al., 2010) . Therefore, following our previous results on cognition, we observed that those participants with comorbid SAD+AUD reported the greatest levels of sleeping problems. These two findings highlight the relevance of considering alcohol abuse when characterizing the specific symptoms of subjects with SAD. One explanation for these ª 2017 European Sleep Research Society greater sleeping deficits in SAD+AUD subjects might be related to craving as a common symptom shared by both disorders. Craving is one of the symptoms that characterize those subjects with SAD (Rintam€ aki et al., 2008) , and regarding alcohol problems it has been added as an AUD symptom in DSM-5 (Murphy et al., 2014) . As sleep loss and craving have SAD < controls 1 (P = 0.016); SAD < controls 2 (P < 0.001); SAD < AUD (P < 0.001); SAD+AUD < AUD (P < 0.001); SAD+AUD < controls 1 (P = 0.003); SAD+AUD < controls 2 (P < 0.001) Sleeping difficulties 2.05 0.91 1.78 0.84 2.13 0.99 1.63 0.72 1.51 0.71 F (7,2360) = 29.619, P < 0.001 SAD > AUD (P = 0.010); SAD > controls 1 (P < 0.001); SAD > controls 2 (P < 0.001); AUD > controls 1 (P = 0.011); AUD > controls 2 (P < 0.001); SAD+AUD > AUD (P = 0.004); SAD+AUD > controls 1 (P < 0.001); SAD+AUD > controls 2 (P < 0.001) SAD = seasonal affective disorder; AUD = alcohol use disorder; SD = standard deviation; Controls 1 = participants with GSS lower than 11 and AUDIT-C total score lower than 4 in males and lower than 3 in females, and who reported no current use of alcohol; and Controls 2 = individuals with GSS lower than 11 and AUDIT-C total score lower than 4 in males and lower than 3 in females, and who reported moderate current use of alcohol.
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Alcohol, seasonality and sleep functioningalso been related to each other (Greer et al., 2013) , this common craving symptom might enhance sleep problems when both diagnoses appear together. In addition, SAD+AUD subjects reported feeling more tired than AUD and both groups of controls. Indeed, these results might be explained partially by the higher rates of sleeping problems, which would be the cause of tiredness during the day experienced by those participants with SAD+AUD (Alapin et al., 2000) . The present study has some limitations. First, only subjective data on sleeping functioning are provided in this study. Additional psychophysiological examination (e.g. with actigraphy recordings) would provide useful objective information to validate these results. Nevertheless, our current findings reveal the existence of initial and novel data on subjective sleeping problems in individuals with both SAD and AUD. Secondly, and related closely to the first limitation, two of the sleep variables measured (i.e. hours of sleep and snoring) might be difficult to report by the participants. The hours of sleep can be over-or underestimated (Harvey and Tang, 2012) , and participants might have difficulties detecting their own snoring problems. Therefore, it is important to note that these variables refer solely to subjective measures. Thirdly, our group of individuals with SAD+AUD is relatively small compared to the other groups in this study. Nevertheless, this sample size can be considered representative of the large number of individuals recruited for this study. Finally, the questionnaire used in this study for measuring sleep functioning does not cover all the sleep dimensions. Other organic factors related to sleep, such as restless legs syndrome or periodic limb movements, are not considered here. Nevertheless, we aimed to cover the most common sleep complaints reported by the general population.
In conclusion, we found that the highest levels of sleeping problems were reported by those individuals with comorbid SAD and AUD. Therefore, our findings suggest that when examining sleeping disorders in SAD, an additional measure of alcohol disorder should also be conducted as part of the protocol. Future studies should focus upon objective These graphs show that SAD+AUD was the group with fewer sleeping hours per 24 h (a), reported more problems regarding enough sleep (b), showed more problems in snoring (c,d), higher prevalence of breathing interruptions (e), felt more tired during the day (f) and reported more sleeping difficulties (g). Error bars represent the 95% confidence interval (CI). Regarding the item 'Feeling tired during the day' (f), the scale in this case is inversed (i.e. lower score, more tired).
ª 2017 European Sleep Research Society measures in sleep functioning, such as those data provided by actigraphy, in order to confirm these initial results concerning sleep in SAD and alcoholism.
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